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MEASURING GAS CELL FOR A DEVICE FOR MEASURING 
THE CONCENTRATION OF A PARAMAGNETIC GAS 

FIELD OF THE INVENTION 

[0001 ] The present invention pertains to a measuring gas cell for a device for measuring 

the concentration of a paramagnetic gas in a gas sample. 

BACKGROUND OF THE INVENTION 
[0002] A prior-art device for measuring the concentration of a paramagnetic gas, 

especially oxygen, is described in DE 100 37 380 Al (and US 6,430,987 which is hereby 
incorporated by reference), and is characterized by a modulatable magnetic field source with an 
air gap, by a modulation source for sending a modulation signal to the magnetic field source, by a 
measuring element for sending a measured heat flow signal, which is arranged at least partially 
within the air gap and is heated by a power source to a working temperature, and by a filter 
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means connected to the measuring element for separating fluctuations from the measured heat 
flow signal based on the modulation of the magnetic field, wherein the changing amplitude of the 
fluctuations based on the gas-specific change in the thermal conductivity is an indicator of the 
percentage of the paramagnetic gas in the gas sample. The measurement of the oxygen 
concentration is performed in the air gap of the electrically modulatable magnet system, which 
air gap is equipped with a measuring gas cell. For such a device, there is a need for a compact 
measuring gas cell with high quality of the measured signal. 

SUMMARY OF THE INVENTION 
[0003] The object of the present invention is to provide a measuring gas cell for a device 

for measuring the concentration of a paramagnetic gas, which said measuring gas cell is 
improved in terms of the quality of the measured signal and handling and is highly compact. 

[0004] According to the invention, a measuring gas cell is provided for a device for 

measuring the concentration of a paramagnetic gas. The measuring gas cell comprises a plurality 
of layer-like, connected plate elements. A bottom plate carries a measuring element for the 
detection of the thermal conductivity of the measured gas, electric leads, an electric measuring 
gas cell heater and a temperature-dependent electric sensor element for the detection of the 
temperature of the measuring gas cell. A channel plate is cut out to provide a gas guide in the 
area of the measuring element and around the measuring element. A cover plate seals the 
measuring gas cell in the upward direction. The cover plate has at least two holes for the inlet 
and outlet of the gas into and out of the gas guide of the channel plate. 



[0005] The leads and the measuring gas cell heater may be covered by the non-cut-out 

area of the channel plate. The measuring element may have a microstructured heating element 
and a complementary, microstructured, temperature-dependent measuring element for the 
measured gas. The measuring element may be applied to an anesthetic-resistant membrane made 
5 preferably of silicon nitride. 

[0006] In the direction of the flow of the measured gas, the measuring element may have 

at least one microstructured, temperature-dependent measuring element each in front of and 
behind a microstructured heating element arranged at right angles to the direction of gas flow for 
the determination of the velocity of flow of the measured gas from the measured signal difference 
1 0 of the microstructured, temperature-dependent measuring elements. 

[0007] The bottom, channel and cover plates may be made so as to consist of a ceramic 

material, especially aluminum oxide. 

[0008] The measuring element may be arranged at a spaced location from the bottom 

plate by means of spacer elements. With this arrangement two gaps of approximately equal size 
1 5 are formed above and under the measuring element on the side facing the gas guide for the gas 
exchange of the measured gas to the measuring element. The gas exchange takes place 
essentially by diffusion. 
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[0009] The measuring gas cell according to the invention is especially useful for 

measurement of oxygen in an anesthesia apparatus or respirator. According to a further aspect of 
the invention, a process is provided for operating a respirator or an anesthesia apparatus 
including the steps of providing a measuring gas cell as a plurality of layered connected plate 
5 elements. The elements are provided as a bottom plate, a channel plate and a cover plate. The 
bottom plate carries a measuring element for the detection of the thermal conductivity of the 
measured gas, electric leads, an electric measuring gas cell heater and a temperature-dependent 
electric sensor element for the detection of the temperature of the measuring gas cell. The 
channel plate is cut out to provide a gas guide in the area of the measuring element and around 
10 the measuring element. The cover plate seals the measuring gas cell in the upward direction. 
The cover plate has at least two holes for the inlet and outlet of the gas into and out of the gas 
guide of the channel plate. 

[0010] One essential advantage of the present invention arises from the fact that the 

measuring gas cell is made in a highly compact form from a plurality of individual, assembled 

15 and functionally cooperating, layer-like plate elements. As a result, accurate positioning of the 
measuring gas cell in a narrow air gap of a magnetic field source of a device for measuring the 
concentration of a paramagnetic gas, which said air gap measures only a few mm, is possible. 
Furthermore, relatively high and homogeneous magnetic flux density values can be reached in 
the air gap with the measuring gas cell due to the highly compact design in terms of the electric 

20 power consumption for the magnetic field generated, so that the quality of the measured signal as 
a whole is improved. 
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[0011] The various features of novelty which characterize the invention are pointed out 

with particularity in the claims annexed to and forming a part of this disclosure. For a better 
understanding of the invention, its operating advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and descriptive matter in which preferred 
5 embodiments of the invention are illustrated. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is an exploded perspective view of a measuring gas cell for a 

device for measuring the concentration of a paramagnetic gas; 

[0013] Figure 2 is a schematic view showing the measuring gas cell used for 

1 0 measurement of oxygen in a respirator; and 

[0014] Figure 3 is a schematic view showing the measuring gas cell used for 

measurement of oxygen in an anesthesia apparatus. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0015] Referring to the drawings in particular, Figure 1 shows a three-dimensional view 

1 5 of the individual layer-like plate elements of the measuring gas cell, which functionally cooperate 
in the assembled state. In the example, the measuring gas cell has a width and length of about 20 
mm each and a thickness of only about 2 mm in the assembled state. The bottom plate 1 as well 
as the channel plate 2 and the cover plate 3 preferably consist of a ceramic material, especially 
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aluminum oxide. On the one hand, ceramic material does not interfere with the external 
magnetic field applied, which is especially advantageous for measuring the oxygen concentration 
in the breathing gas in the case of use in an anesthesia apparatus. The bottom plate 1 , the channel 
plate 2 and the cover plate 3 are connected by means of an adhesive such that the measured gas, 
which consists, in general, of the paramagnetic gas to be measured in a mixture with other gases, 
flows in the gas guide of the channel plate 2 sealed toward the outside, i.e., toward the 
environment. The bottom plate 1 is the carrier for the electric leads, which join the measuring 
gas cell in a flexible conductor strip 1.1. The bottom plate 1 has the electric components: 
measuring gas cell heater 1.2, comprising 12 heating resistors in the example, a temperature- 
dependent sensor element 1 .3 for detecting the temperature of the measuring gas cell, and a 
measuring element 1.4, which is called a "measuring chip" for short. 

[0016] The galvanic separation of the microstructured heating and measuring circuits is 

performed on the membrane of the measuring chip. The heating circuit, shown in the figure, on 
the bottom plate 1 of the measuring gas cell with the measuring gas cell heater 1.2 is used only 
for thermostatting, with a PTC temperature sensor as the temperature-dependent sensor element 
1.3, the cell for stabilizing the working point and - what is even more important - for preventing 
the condensation of the measured gas. 

[0017] The channel plate 2 is cut out for the gas guide in the area of the measuring chip 

and around the latter such that the measuring gas is led past the measuring chip, and direct effects 
on the temperature-dependent measured signal of the measuring chip due to the flowing past of 



the measured gas are very extensively avoided. After the introduction of the measuring chip on 
the bottom plate 1, the individual plate elements are mounted in an anesthetic-resistant manner 
by means of an adhesive, the electric leads and the measuring gas cell heater 1.2 being arranged 
such that they are essentially covered by the channel plate 2 in order to prevent a direct contact 
with the measured gas. The measuring element 1 .4, called a "measuring chip" here, is located in 
a cutout of the channel plate 2 adjacent to the gas guide proper and is connected to the leads on 
the bottom plate 1 by bonding there. To make possible the entry of the gas to the top side and the 
underside of the measuring chip, the latter is arranged by means of spacer elements at such a 
spaced location from the bottom plate 1 that two flow gaps of approximately equal size, 
measuring about 0.3 mm, are formed on the side facing the gas guide above and below the 
measuring chip, and an exchange of gas takes place in the flow gaps from the measured gas to 
the measuring chip predominantly by means of diffusion. The measuring chip has at least one 
microstructured heating element, not shown in the figure, and preferably a plurality of 
microstructured, temperature-dependent measuring elements, which are arranged in the 
immediate vicinity and are likewise not shown, so that the temperature-dependent measured 
signal of the microstructured measuring elements also changes as a function of the concentration 
of the paramagnetic gas to be measured based on the accompanying change in the thermal 
conductivity, and the temperature-dependent measured signal is thus an indicator of the 
concentration of the paramagnetic gas. Since the measuring chip with its components is 
preferably applied to a membrane made especially of silicon nitride, the mobility of the 
components in the magnetic field is extensively reduced, and an effect on the measured signal is 
avoided. The measuring sensitivity is markedly increased by the use of a plurality of 



microstructured measuring elements with thermal transitions (thermopile) in the measuring chip. 

[0018] Due to the arrangement of a microstructured, temperature-dependent measuring 

element each in front of and behind a microstructured heating element arranged at right angles to 
the direction of gas flow, the velocity of gas flow at the measuring chip can be additionally 
5 determined from the signal difference within limits set by the system, so that flow-related 
disturbances in the measurement can be eliminated or mitigated by a suitable calculation. 

[0019] The cover plate 3 seals the measuring gas cell upwardly and outwardly and has at 

least two holes for the inlet and outlet of the gas into and out of the gas guide of the channel plate 
2. The measured gas is fed into the measuring gas cell generally designated 10, e.g., from the 
1 0 breathing gas flow in an anesthesia apparatus 28 or respirator 22 by means of a pump or 

ventilator 24. The respirator 22 may have a fresh breathing gas source 26. The anesthesia 
apparatus 28 may include an anesthetic vaporizer 30 as well as a connection to a fresh breathing 
gas source 26 or a connection to another anesthetic gas source (not shown). The respirator 22 
and anesthesia apparatus 28 may be used by a patient 20. 

1 5 [0020] Due to its planar structure, the measuring gas cell described makes possible a 

small overall height of up to about 2 mm, as a consequence of which high and homogeneous 
magnetic flux density values can be reached in the air gap with the measuring gas cell relative to 
the electric power consumption for the magnetic field to be applied, so that the quality of the 
measured signal for the paramagnetic gas concentration measurement is markedly improved. 
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[0021] While specific embodiments of the invention have been shown and described in 

detail to illustrate the application of the principles of the invention, it will be understood that the 
invention may be embodied otherwise without departing from such principles. 
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